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(54) Suspension system 

(57) This invention relates to a suspension system 
for a vehicle having a plurality of wheels, comprising a 
pair of hydraulic shock absorbers (2) associated with re- 
spective wheels, each of said hydraulic shock absorbers 
having a throttled piston (5) partitioning a first and sec- 
ond fluid chamber (6,7) from each other, a pressure ad- 
justing cylinder unit (3) having a pair of hydraulic pres- 
sure chambers (16,17) connected with one of said fluid 
chambers each, a biased piston unit (15) being provided 
for varying the volumina of said hydraulic pressure 
chambers simultaneously, and throttle means (21 ) con- 
necting said first fluid chambers of said pair of shock 
absorbers with each other. The suspension system has 
been improved in that said throttle means and said pres- 
sure adjusting cylinder unit are formed as an integral 
unit. Preferably, the throttle means is provided integral 
with the piston unit. 
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Description 

This invention relates to a suspension system for a 
vehicle having a plurality of wheels, comprising a pair of 
hydraulic shock absorbers associated with respective s 
wheels, each of said hydraulic shock absorbers having 
a throttled piston partitioning a first and second fluid 
chamber from each other, a pressure adjusting cylinder 
unit having a pair of hydraulic pressure chambers con- 
nected with one of said fluid chambers each, a biased 
piston unit being provided for varying the volumina of 
said hydraulic pressure chambers simultaneously, and 
throttle means connecting said first fluid chambers of 
said pair of said shock absorbers with each other. 

A suspension system suitable for restraining the 
4-wheel vehicle body from rolling has been disclosed in 
Japanese Unexamined Patent Publication 
Sho63-222914. 

The suspension system disclosed in this publication 
had hydraulic cylinders installed on both left and right of 
the vehicle between the wheel side and the body side, 
and the oil chambers of left and right hydraulic cylinders 
were made communicate with each other through com- 
municating tubes. The piston for each hydraulic cylinder 
was provided with a throttle through which the oil cham- 
bers on both sides of the piston were made communi- 
cate with each other. 

The suspension system above was provided with 
two communicating tubes, one for making the upper oil 
chamber (oil chamber on the vehicle body side of the 
piston) of the left hydraulic cylinder communicate with 
the lower oil chamber (oil chamber on the vehicle wheel 
side of the piston) of the right hydraulic cylinder and the 
other for making the lower oil chamber of the left hydrau- 
lic cylinder communicate with the upper oil chamber of 
the right hydraulic cylinder, and each communicating 
tube was provided with a throttle. 

When the vehicle body is inclined and one of left 
and right hydraulic cylinders is shortened, oil is delivered 
from the lower oil chamber of the shortened hydraulic 
cylinder to the upper oil chamber of the hydraulic cylin- 
der on the other side, while the oil is delivered from the 
lower oil chamber of the hydraulic cylinder on the other 
side to the upper oil chamber of the shortened hydraulic 
cylinder. After all, both hydraulic cylinders are shortened 
and the vehicle body is restrained from getting inclined. 
In this instance, the rolling movement is damped by oil's 
passing through the throttles of pistons of both left and 
right hydraulic cylinders and through the throttle of the 
communicating tubes. 

Also when left and right hydraulic cylinders are si- 
multaneously shortened by both left and right wheels' 
riding over a projection on the road, or the like, the ver- 
tical movement of the vehicle body is damped by oil's 
passing simultaneously through the throttles of pistons 
of both left and right hydraulic cylinders and the throttle 
of the communicating tube. 

However, with a suspension system constructed as 
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described above, setting the damping property of the 
suspension system as a whole requires adding the 
damping property of the throttles at the pistons of hy- 
draulic cylinders to that of the throttles in the communi- 
cating tubes. In other words, since the same throttles 
are used to generate damping forces both when the ve- 
hicle body is inclined to the left or right and when the 
vehicle body is vertically moved, setting becomes very 
troublesome when trying to obtain a damping force cor- 
responding to the vehicle body behavior so that the 
damping force becomes weaker when the vehicle body 
moves up and down while intensely restraining the left 
and right inclinations. 

Such an inconvenience can be solved by construct- 
ing so that oil does not flow through the throttle of the 
communicating tube when the left and right hydraulic 
cylinders are elongated or shortened in the same sens- 
es, because it becomes possible to limit the using con- 
ditions of the piston throttles and the communicating 
tube throttle. To realize such a structure, it is conceived 
to connect two communicating tubes extending from the 
lower oil chambers of the left and right hydraulic cylin- 
ders not to the left and right opposite side hydraulic cyl- 
inders but to other left and right hydraulic cylinders each 
partitioned into an oil chamber and a high pressure gas 
chamber by a free piston, to connect the free pistons of 
these hydraulic cylinders to each other through a rigid 
connecting member so as to operate together, and to 
make two communicating tubes communicate with each 
other through a throttle. 

That is, when the vehicle body rides over the road 
surface and the left and right hydraulic cylinders in- 
stalled between the vehicle wheels and the vehicle body 
are elongated or shortened in the same senses, the free 
piston of the added hydraulic cylinder moves along, and 
oil does not flow into the throttle for making communi- 
cating tubes communicate with each other, and the 
damping force is obtained exclusively by the throttles of 
the pistons of the left and right hydraulic cylinders. When 
the vehicle body is inclined to the left or right, since the 
left and right free pistons can not move separately, al- 
though a pressure difference is caused between two oil 
chambers of a hydraulic cylinder having free pistons, 
this pressure difference is offset by oil flowing from the 
high pressure side hydraulic passage into the low pres- 
sure side hydraulic passage through a throttle making 
communicating tubes communicate with each other. In 
this instance, the damping force is obtained by the throt- 
tles of the pistons of left and right hydraulic cylinders 
and the throttle making communicating tubes commu- 
nicate with each other. 

Therefore, since the damping force is obtained by 
two kinds of throttles when the vehicle body is inclined 
to the left or right, and by one kind of throttles when the 
vehicle body is moved up or down : the using condition 
of each throttle can be limited, and setting becomes eas- 
ier. 

However, when adding a hydraulic cylinder having 



EP 0 891 884 A2 



15 



20 



25 



30 



35 



40 



45 



50 



2 



3 



EP 0 891 884 A2 



4 



a free piston as described above, there is caused a prob- 
lem in manufacturing this hydraulic cylinder. If two free 
pistons are arranged in parallel to each other and are 
connected with each other through a rigid connecting 
member, when a pressure difference is caused between 
two oil chambers and one free piston influences the 
movement of the other, a bending moment works on the 
rigid connecting member above so that the free piston 
wrenches the cylinder wall surface, which may make it 
difficult for this free piston to move. 

Further, to connect the free pistons with each other 
through a rigid connecting member requires providing 
the cylinder with a space for accommodating this rigid 
connecting member or rigidly connecting the piston rods 
connected with the respective free pistons with each 
other out of the cylinders, which makes the cylinder 
structure complicated. 

Still further, since it becomes larger-sized because 
the cylinders must be arranged in parallel to each other, 
and the high pressure gas chambers of cylinders ar- 
ranged in parallel to each other must communicate with 
each other, its productivity is lower. 

Moreover, the structure of those suspension sys- 
tems has hitherto been quite bulky and complicated and 
there have been problems in arranging and mounting 
the system to a vehicle body. 

Accordingly, in view of the above-mentioned prob- 
lems: it is an objective of the present invention to provide 
an improved suspension system of the above-men- 
tioned type which has a simple and more handy struc- 
ture, thereby reducing space requirements and facilitat- 
ing mounting of the system. 

According to the present invention . this objective is 
performed in that the throttle means and the pressure 
adjusting cylinder unit are formed as an integral unit. 

According to a preferred embodiment of the inven- 
tion, the piston unit comprises a stepped piston having 
a large diameter portion and a small diameter portion 
arranged substantially coaxially with respect to each 
other, said piston being slidably received in a cylinder 
housing having corresponding small and large diameter 
portions to define said first and second fluid chambers. 

According to another preferred embodiment of the 
invention, said throttle means is adjustable in response 
to vehicle driving conditions. 

In a preferred embodiment, a throttle member cas- 
ing is provided integrally with said cylinder housing at 
the fluid chamber side thereof, said throttle member cas- 
ing accommodating a throttle body partitioning the same 
into a first and second throttle chamber, each of which 
is connected with one of said first and second fluid 
chambers of the cylinder unit and one of said fluid cham- 
bers of the shock absorbers. Said throttle member cas- 
ing defines preferably an interior extending substantially 
perpendicular to the longitudinal axis of the cylinder 
housing then having an opening at one side for mount- 
ing and inserting said throttle body perpendicular to the 
longitudinal axis of the cylinder housing. 



According to another preferred embodiment of the 
invention, the throttle means is provided integral with the 
piston unit. Preferably said throttle means includes a 
throttle body attached to the piston unit and separating 
5 said pair of hydraulic pressure chambers from each oth- 
er. 

According to yet another preferred embodiment of 
the invention, the pressure adjusting cylinder unit is 
formed integral with one of the shock absorbers. 

10 Further preferred embodiments of the invention are 
laid down in other dependent claims. 

Accordingly , when two hydraulic cylinders are elon- 
gated or shortened in the sames senses, the amount of 
oil passing through the throttle of the pressure adjusting 

15 cylinder is small and the operation of the hydraulic cyl- 
inders are damped by the oil's passing through the throt- 
tles of the pistons of the hydraulic cylinders. When two 
hydraulic cylinders are elongated or shortened in the 
contrary senses, since more oil flows through the throttle 

20 member on the pressure adjusting cylinder side, the op- 
eration of the hydraulic cylinders are damped by the oil's 
passing through both throttles of the pistons of the hy- 
draulic cylinders and the throttle member on the pres- 
sure adjusting cylinder side. Therefore, when a differ- 

25 ence is caused between the senses of actions of two 
hydraulic cylinders, the throttle member on the pressure 
adjusting cylinder side exhibits a damping effect. 

Further, since the pressure is applied to the free pis- 
ton only in the direction of its axis even when a pressure 

30 difference is caused between the base portion side and 
the projected portion side of the pressure adjusting cyl- 
inder because the free piston is of a stepped structure 
in which its projected portion is included within the pro- 
jection area of its base portion and the axes of its base 

35 portion and its projected portion are disposed close to 
and in parallel to each other, the free piston is not 
wrenched. 

Still further, since the free piston is of a stepped 
structure, the free piston has a structure substantially 

40 corresponding to that obtained by rigidly connecting two 
kinds of pistons without using a separate connecting 
member. Since no connecting member is required be- 
tween free pistons and the pressure adjusting cylinder 
may be of a single axis structure because the axes of 

45 two kind of free pistons are disposed close to each other, 
the pressure adjusting cylinder becomes smaller-sized. 
Moreover, since the free piston is of a structure in which 
its projected portion is included within the projection ar- 
ea of the base portion and the axes of its base portion 

50 and its projected portion are disposed in parallel to each 
other, these two portions can be easily formed and the 
parallelism of the axes of both portions is easily ob- 
tained. 

Still further, since the stepped free piston can be 
55 formed through pressing or machining, they can be 
formed with a high accuracy and a high productivity. 

In addition, since the stepped free piston formed 
with a high accuracy as described above can be accu- 
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rately fitted in the pressure adjusting cylinder, the sliding 
resistance against the movement of the free piston can 
be smaller 

Furthermore , the structure of the hydraulic 
passage making the throttle member and the pressure 
adjusting cylinder communicate with each other is sim- 
plified. Further, a common bracket can be used when 
fixing the throttle member and the pressure adjusting 
cylinder on the vehicle body. 

Moreover , the communicating passage 
making two in-casing spaces of the throttle member with 
base portion side oil chamber and the projected portion 
side oil chamber of the pressure adjusting cylinder, re- 
spectively, can be formed by boring with a drill through 
the pressure adjusting cylinder along its axis. 

Last but not least , since one axial end of the throt- 
tle body constitutes an inner wall of the projected portion 
side oil chamber, the oil passage for leading oil from the 
projected portion side oil chamber to the throttle body 
becomes unnecessary. 

Hereinafter, the present invention will be explained 
and illustrated in greater detail by means of preferred 
embodiments Of the invention in connection with ac- 
companying drawings, wherein: 

Fig. 1 is a schematic structural illustration ol a sus- 
pension system for 4-wheel vehicles according to 
an embodiment of the invention. 
Fig. 2 is a front view of a suspension system for 
4-wheel vehicles according to the first embodiment, 
Fig. 3 is an arrow view taken along the arrow III in 
Fig.2, 

Fig.4 is a sectional view taken along the line I V-IV 
in Fig.2, 

Fig. 5 is a sectional view taken along the line V-V in 
Fig.2. 

Fig. 6 is a cross-sectional view of the pressure ad- 
justing unit taken along the line VI-VI in Fig.4. 
Fig. 7 is a sectional view taken along the line VI I -VI I 
in Fig.4 showing an air-vent valve portion of the 
pressure adjusting unit in a larger scale, 
Fig.8 is a sectional view showing the state in which 
the adjusting valve of the throttle member is fully 
opened, 

Fig. 9 is a sectional view showing the state in which 
a free piston positioning jig is mounted on the pres- 
sure adjusting unit, 

Fig. 10 is a graph showing a current value map to 
be used for controlling the solenoid type adjusting 
valve device of the throttle member, 
Fig. 11 is an illustration showing an application in 
which the suspension system is applied between 
left and right front wheels, 

Fig. 12 is an illustration showing an application in 
which the suspension system is applied between 
left and right rear wheels, 

Fig 13 is an illustration showing an application in 
which the suspension system according to the first 



through third inventions is applied between left and 
right front wheels and also between left and right 
rear wheels, 

Fig. 14 is an illustration showing an application in 
5 which the suspension system is applied between 

left front and rear wheels and also between right 
front and rear wheels, 

Fig. 15 is an illustration showing an application in 
which the suspension system is applied between 

io left front and right rear wheels and also between 
right front and left rear wheels, 
Fig. 1 6 is an illustration showing an application of the 
suspension system in which only one pressure ad- 
justing unit is employed, and one oil chamber is 

15 made communicate with hydraulic passages of hy- 
draulic cylinders for left front and left rear wheels 
while the other oil chamber is made communicate 
with hydraulic passages of hydraulic cylinders for 
right front and right rear wheels, 

20 Fig. 1 7 is an illustration showing an application of the 

suspension system in which only one pressure ad- 
justing unit is employed, and one oil chamber is 
made communicate with hydraulic passages of hy- 
draulic cylinders for left front and right rear wheels 

25 while the other oil chamber is made communicate 

with hydraulic passages of hydraulic cylinders for 
right front and left rear wheels, 
Fig. 1 8 is a sectional view showing another example 
of the throttle body, 

30 Fig. 1 9 is a top view showing an example provided 

with a manual adjusting valve device, 
Fig.20 is a sectional view taken along the line XX- 
XX in Fig. 19, 

Fig.21 is a sectional view showing the schematical 
35 structure of the pressure adjusting unit to be used 
in a suspension system for 4-wheel vehicles ac- 
cording to another embodiment of the invention, 
Fig. 22 is a graph showing the relation between the 
piston speed difference between the left and right 
40 hydraulic cylinders and the damping force at the 
throttle member, 

Fig. 23 is a front view showing an example in which 
the hydraulic cylinder is integrally provided with a 
pressure adjusting cylinder, 

45 Fig. 24 is a sectbnal view showing a practical exam- 
ple of the pressure adjusting unit to be used in the 
suspension system for 4-wheel vehicles 
Fig. 25 is a front view showing another embodiment 
in which the pressure adjusting unit is provided on 

50 the axis of the left hydraulic cylinder, 

Fig.26 is a sectional view showing the pressure ad- 
justing unit in a larger scale, 

Fig. 27 is a sectional view showing still another em- 
bodiment in which the pressure adjusting unit is pro- 
55 vided on the axis of the hydraulic cylinder, and 

Fig.28 is a front view showing another embodiment 
in which the pressure adjusting unit is provided sep- 
arately from the hydraulic cylinder. 
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Fig. 29 is a sectional view showing the pressure ad- 
justing unit in a larger scale. 
Fig. 30 is a sectional view showing another embod- 
iment in which the bypass passage of the free piston 
is provided with a movable throttle for finely adjust- 
ing the damping force, 

Fig.31 is a sectional view taken along the line A-A 
in Fig.30, 

Fig. 32 is a front view showing another embodiment 
in which the damping force at the pressure adjusting 
unit is adjusted by remote control, and 
Fig. 33 is a sectional view showing the pressure ad- 
justing unit in a larger scale. 

A first preferred embodiment of the invention is de- 
scribed in detail hereinafter referring to figures 1 through 
10. 

in these drawings, a suspension system for 4-wheel 
vehicles according to the first embodiment to be in- 
stalled on, for example, the front wheel side is provided 
with a symbol 1 . In Figs 1 and 2, other suspension sys- 
tem component members such as the link mechanism 
supporting the front wheels for their vertical movements, 
cushion springs, etc., are omitted. 

The suspension system 1 for 4-wheel vehicles 
shown in Fig.1 is constructed with left and right hydraulic 
cylinders 2, a pressure adjusting unit 3 connected to 
these hydraulic cylinders 2, and so on. 

The left and right hydraulic cylinders 2 are of the 
same structure in which the cylinder body 4 filled with 
oil is partitioned into an upper oil chamber 6 and a lower 
oil chamber 7 by a piston 5. The piston 5 is provided 
with a communicating passage 5a through which the up- 
per and lower oil chambers 6 and 7 are made commu- 
nicate with each other, and the communicating passage 
5a is provided with a throttle 8. 

The hydraulic cylinder 2 is installed between the ve- 
hicle body side and the front wheel side by connecting 
the cylinder body 4 to the vehicle body (not shown) and 
pivotally supporting the lower end portion of the piston 
rod 9 on a region, such as the front wheel suspension 
link, to be moved vertically relative to the vehicle body 
together with the front wheel. The vertical sense of in- 
stallation of the hydraulic cylinder 2 may be contrary to 
that described above. In this embodiment, the hydraulic 
cylinder 2 positioned on the left in Fig.1 is installed on 
the left front wheel side while the hydraulic cylinder 2 
positioned on the right in Fig.1 is installed on the right 
front wheel side. 

The left hydraulic passage 10 made communicate 
with the upper oil chamber 6 of the left hydraulic cylinder 
2 and the right hydraulic passage 11 made communicate 
with the upper oil chamber 6 of the right hydraulic cylin- 
der 2 are, while being made communicate with the pres- 
sure adjusting cylinders to be described later, respec- 
tively, made communicate with each other through a 
throttle member to be described later. The pressure ad- 
justing cylinder is partitioned into oil chambers and a 



high pressure gas chamber by a free piston, and the free 
pistons for both hydraulic passages are formed integral- 
ly into a single member so as to operate together. 

The pressure adjusting unit 3 is constructed inte- 

5 grally by arranging two pressure adjusting cylinders for 
both hydraulic passages described above on an identi- 
cal axis, and combining these pressure adjusting cylin- 
ders and the throttle member integrally. Here, the sche- 
matic structure of the pressure adjusting unit shown in 

10 Fig.1 is described. 

The pressure adjusting cylinder 12 tor the left hy- 
draulic cylinder and the pressure adjusting cylinder 13 
for the right hydraulic cylinder shown in Fig.1 are ar- 
ranged on the identical axis and are integrated by insert - 

1 s ing a common free piston 1 5 in its common cylinder body 
14. The free piston 15 is formed generally like a bot- 
tomed cylinder with a base portion having a larger di- 
ameter and a projected portion having a smaller diam- 
eter arranged on a common axis shown with a dash- 

20 and-single-dotted line C in Fig.1 . This projected portion 
substantially constitutes the piston portion for the pres- 
sure adjusting cylinder 12, while the base portion sub- 
stantially constitutes the piston portion for the pressure 
adjusting cylinder 13. 

2S The symbols 16,17 and 1 8 refer to the oil chamber 
for the pressure adjusting cylinder 12, the oil chamber 
for the pressure adjusting cylinder 1 3 and the high pres- 
sure gas chamber separated from the oil chambers 16 
and 1 7 by the free piston 1 5 and filled with high pressure 

30 gas. 

That is, the piston portions for both pressure adjust- 
ing cylinders 1 2 and 1 3 operates together with each oth- 
er because they are constructed with a single free piston 
1 5 composed of a base portion and a projected portion. 

35 The oil chamber side portion of the cylinder body 1 4 
is integrally provided with a throttle member 19 com- 
posed of a throttle member casing 20 formed on the oil 
chamber side end portion of the cylinder body 14 and a 
throttle body 21 partitioning the space in the throttle 

40 body 20 into two chambers A and B arranged in a direc- 
tion perpendicular to the axes of the pressure adjusting 
pistons. The left hydraulic passage 10 from the left hy- 
draulic cylinder 2 is made communicate with the oil 
chamber 16 of the pressure adjusting cylinder 12 

45 through one A of the two chambers A and B while the 
right hydraulic passage 11 from the right hydraulic cyl- 
inder 2 is made communicate with the oil chamber 17 
of the pressure adjusting cylinder 13 through the other 
B of the two chambers A and B. 

so When installing a suspension-system 1 constructed 
as described above on a body of an automobile, its com- 
ponent members are constructed as shown in Figs. 2 
through 9. In these drawings, members identical or sim- 
ilar to those already described referring to Fig.1 is pro- 

ss vided with the same symbols, and their detailed descrip- 
tions are omitted. 

The hydraulic cylinder 2 shown in Fig.2 is formed 
by inserting the lower portion of the cylinder body 4 into 
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the outer cylinder 4a. A piston rod 9 is fixed on the outer 
cylinder 4a, and the outer cylinder 4a is pivotally sup- 
ported on a region which moves vertically together with 
the front wheel. The throttle 8 of the piston 5 of this hy- 
draulic cylinder 2 is of a known structure in which the 
opening of the communicating passage 5a is closed with 
a plate spring type check valve. Fig. 2 shows the most 
elongated state of the hydraulic cylinder 2 with solid 
lines, and, additionally, positions of the piston and outer 
cylinder top end portion in the most shortened state with 
dash-and-double-dotted lines D. Fig. 2 shows the most 
elongated state of the hydraulic cylinder 2. 

The pressure adjusting unit 3 is constructed with a 
cylinder body 1 4 composed of a throttle connecting por- 
tion 22 and a bottomed cylindrical cover portion 23 
screwed over one end of this throttle connecting portion 
22, and a throttle member 1 9 integrally connected to the 
other end portion of the throttle connecting portion 22. 
The free piston 1 5 is formed as a stepped bottomed cyl- 
inder by forming a projected portion 24 fitted in the throt- 
tle connecting portion 22 and a base portion 25 fitted in 
the cover portion 23 integrally and coaxial ly with each 
other. Describing further in detail, the free piston 15 has 
a stucture in which its projected portion 24 is included 
within a projection area of the base portion 25 as seen 
in the axial direction and the axis of the projected portion 
and the axis of the base portion are disposed in parallel 
and close to (in this embodiment, coaxially with) each 
other. 

The projected portion 24 of this free piston 15 is fit- 
ted in the smaller diameter cylinder bore 26 of the throt- 
tle connecting portion 22 as shown in Fig. 4, and the 
base portion 25 thereof is fitted in the larger diameter 
cylinder bore 27 formed with the inner surface of the cov- 
er portion 23 as shown in Fig.5. Members provided on 
the peripheries of the projected portion 24 and base por- 
tion 25 of the free piston 1 5 and shown with symbols 28 
and 29 are sealing members made of fluorocarbon res- 
in, and a member provided on the periphery of the base 
portion 25 of the free piston 1 5 and shown with a symbol 
30 is an 0-ring for sealing high pressure gas. This free 
piston 15 has a thread hole 31 formed at its inside bot- 
tom center to fasten, through a screw, a jig to be used 
when assembling the free piston 15 into the cylinder 
body 1 4. 

The cover portion 23 has a plug member 32 through 
which high pressure gas is poured into the high pressure 
gas chamber 18. This plug member 32 is installed 
through the end portion of the cover member 23 on its 
side opposite to the throttle connecting portion 22 and 
is constructed so that high pressure gas can be poured 
into the cover member 23 by, with the blind screw 32a 
removed, inserting a gas pouring injection needle into 
the inner needle hole 32b, piercing it through the sealing 
rubber 32c and making it penetrate this sealing rubber 
32c. 

By assembling the free piston 15 into the cylinder 
body 14 formed as described above, the projected por- 



tion side oil chamber 33, base portion side oil chamber 

34 and high pressure gas chamber 1 8 are formed in the 
cylinder body 14. The outer diameters of the projected 
portion 24 and the base portion 25 of the free piston 15 

s are so set that the volume increment and the volume 
decrement of the oil chambers 33 and 34 obtained by 
the movement of the free piston 15 are equal to each 
other. The position of the free piston at which the vol- 
umes of the oil chambers 33 and 34 are maximum is 

10 shown with dash-and-double-dotted lines E in Fig.5. 

As shown in Fig. 4, the projected portion side oil 
chamber 33 is made communicate with the chamber A 
in the throttle member 1 9 through a communicating hole 

35 opening through the wall surface facing the top sur- 
fs face of the free piston 1 5 and extending in the direction 

of the free piston 15 axis, while, as shown in Figs. 4 and 
5, the base portion side oil chamber 34 is made com- 
municate with the chamber B in the throttle member 19 
through a communicating hole 36 bored through the 

20 throttle connecting portion 22 in parallel to the smaller 
diameter cylinder bore 26. These communicating holes 
35 and 36 are bored with drills. As shown in Fig. 4, the 
communicating hole 36 is made communicate with an 
air-vent oil pouring hole 37 to be described later. 

25 The throttle member 1 9 is composed of a generally 
bottomed cylindrical throttle member casing 20 formed 
by extending the projected portion side oil chamber 33 
side end portion of the throttle connecting portion 22 
from the projected portion side oil chamber 33 in the ax- 

30 ial direction, a throttle body 21 partitioning the casing 20 
into two chambers A and B arranged in a direction per- 
pendicular to the axis of the cylinder body 1 4, and so on. 

The chambers A and B are made communicate with 
the left hydraulic passage 10 and right hydraulic pas- 

35 sage 11 through oil hose connecting members 41 and 
42 screwed into the side portions of the casing 20 as 
shown in Fig.3. The oil hoses 43 and 44 constituting the 
left and right hydraulic passages 10 and 11 , respective- 
ly, are caulked to the oil pipes 41a and 42a of the oil 

40 hose connecting members 41 and 42, respectively. 
Thus, the left and right hydraulic passages 10 and 11 
from the left and right hydraulic cylinders 2 are made 
communicate with the projected portion side oil cham- 
ber 33 and the base portion side oil chamber 34 through 

45 the chambers A and B, respectively. 

The throttle body 21 is formed generally like a cir- 
cular disk as a whole, and its core portion is penetrated 
by a valve supporting member 45 so that the throttle 
body 21 is supported and fixed on the valve supporting 

50 member 45. The valve supporting member 45 is 
screwed into the opening portion of the casing 20 
formed generally like a bottomed cylinder so as to close 
this opening, and forms the chamber in cooperation with 
the throttle body 21. The throttle body 21 has annular 

55 grooves 21a and 21b formed on both axial end surfaces 
thereof. These grooves 21a and 21b are made commu- 
nicate with the spaces in the casing 20 on the opposite 
side of the throttle body 21 through respective commu- 
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nicating holes 21c and 21 d penetrating the throttle body 
21. That is. the groove 21a on the chamber A side is 
made communicate with the chamber B through a com- 
municating hole 21c, while the groove 21 b on the cham- 
ber B side is made communicate with the chamber A 
through a communicating hole 21 d. 

The opening sides of these grooves 21a and 21b 
are closed with annular plate spring check valves 46 and 
47 supported and fixed in close contact therewith all 
around on the valve supporting member 45 together 
with the throttle body 21. Each of the check valves 46 
and 47 is initially formed as a flat annular plate, then is 
formed so that a spring force is obtained in the installed 
stntc by bending it by pressing it against the throttle body 
21 surtncc 

v such check valves 47 and 48 are provided, when 
the hyamuiic pressure in the chamber A becomes high- 
er thnn irvii m the chamber B, a hydraulic pressure is 
applied :o tie check va:ve 47 through the communicat- 
ing prtssngo 2 id opening ihe check valve 47, and oil 
flows hum thu chnmbe: A into the chamber B through 
the communicating hole 2ld «nd the groove 21 b. On the 
contrary when the hydraulic pressure in the chamber B 
becomes higher than that in the chamber A, the check 
valve 46 is opened by a hydraulic pressure propagating 
through the communicating hole 21c, and oil flows from 
the chamber B into the chamber A. That is, this throttle 
member 1 9 is of a dual-sense structure in which resist- 
ance is generated when a check valve 46 or 47 is 
opened and oil flows between the chambers A and B. 

I n addition to two kinds of oil passages to be opened 
and closed by the check valves 46 and 47, the valve 
supporting member 45 is provided with a solenoid type 
adjusting valve device 48 for finely adjusting the throttle 
amount at the throttle body 21 . This solenoid type ad- 
justing valve device 48 has a structure shown in Figs.4 
and 8 in which a spool valve 50 is disposed in a bypass 
passage 49 between the midsection of the communicat- 
ing passage 21 c and the chamber A, and this spool 
valve 50 is operated by a computer-controlled solenoid 
51. 

The bypass passage 49 is composed of a first pas- 
sage 49a extending from one end opened into the com- 
municating hole 21c to the other end opened into the 
spool valve hole 52 in the core portion ot the throttle 
body 21 with an inclination toward the chamber A, and 
a second passage 49b radially extending from a region 
apart, axially of the valve supporting member 45, from 
the opening of the first passage 49a into the spool valve 
hole 52 toward the chamber A. Both these passages 
49a and 49b are formed plurally so as to be positioned 
opposite to each other radially outside of the spool valve 
hole 52. Further, the plurality of first passages 49a and 
the plurality of second passages 49b are so constructed 
that a similar hydraulic pressure is applied to them re- 
spectively. 

If the bypass passage 49 is constructed as de- 
scribed above, since the hydraulic pressure propagating 



from the chamber A or B reaches the spool valve hole 
52 from both sides thereof positioned radially opposite 
to each other, the hydraulic pressures of oil passing 
through the plurality of first oil passages 49a or through 

5 the plurality of second oil passages 49b cancel one an- 
other, because the directions of hydraulic pressure 
propagation are opposite to each other. Therefore, even 
if a dynamic pressure is applied to the chamber A or B, 
the spool valve 50 is little moved by the dynamic pres- 

io sure, because this dynamic pressure does not work to 
move the spool valve 50. 

The spool valve 50 is provided with a smaller diam- 
eter portion 50a with which an oil passage is formed in 
the spool valve hole 52 : and is inserted in the spool valve 

75 hole 51 of the valve supporting member 45 slidably 
along the axial direction. The spool valve 50 is so con- 
structed that the bypass passage 49 is opened or closed 
by making the first passage 49a communicate with the 
second passage 49b or by cutting off the communication 

20 therebetween. Fig.4 shows the fully closed slate, while 
Fig.8 shows the fully opened state and the fully closed 
state with solid lines and dash-and-double-dotted lines, 
respectively. 

When the spool valve 50 is in the fully closed state, 

25 the throttle amount at the throttle body 21 reaches the 
amount corresponding to the spring force of the check 
valves 46 and 47 and becomes maximum, while, when 
the spool valve 50 is in the fully opened state, it becomes 
possible for oil to flow between the chambers A anf B 

30 through the bypass passage 49, the amount of the oil 
push-opening the check valve 46 and 47 decreases and 
the throttle amount decreases. The decrement of the 
throttle amount changes according to the opening of the 
spool valve. The spool valve is provided with a small 

35 hole 50b formed therethrough to prevent the spool valve 
50 from functioning as a piston when the spool valve 50 
moves along by making the spaces on one and the other 
end sides thereof communicate with each other. 

A compression coil spring 53 for urging the spool 

40 valve 50 toward the solenoid 51 is elastically installed 
between a spring pusher 54 screwed into the tip end of 
the valve supporting member 45 and the tip end of the 
spool valve 50. The spring pusher 54 has a column por- 
tion 54a projected therefrom toward the spool valve 50. 

45 This column portion 54a functions as a guide when the 
compression coil spring 53 is installed. 

A pusher 55 in contact with the base end (upper end 
in Figs.4 and 8) of the spool valve 50 is fitted, slidably 
in a direction the same as that of the spool valve 50, in 

50 a resin portion 56 holding the solenoid 58 in position rel- 
ative to the valve supporting member 45, and is moved 
in the axial direction by energizing the solenoid 51 . 
When the solenoid 51 is energized, the pusher 55 is 
moved toward the spool valve by the magnetic force. 

55 The end portion of the pusher 55 on its side farther 
from the spool valve 50 is fitted in a guide member 57 
installed in the resin portion 56 coaxially with the pusher 
55, and a compression coil spring 58 is elastically in- 
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stalled between the guide member 57 and the pusher 
58. As the spring 58, one having a spring force smaller 
than that of the spool valve side spring 53 is employed. 
An adjusting bolt 57a is screwed into the valve support- 
ing member 45, and its tip end is kept in contact with the s 
end surface of the guide member 57 on its side farther 
from the pusher 55. Therefore, the position ol the guide 
member 57 can be varied by changing the screwing 
amount of the adjusting bolt 57a into the valve support- 
ing member 45. 10 

That is, while the solenoid 51 is not energized, the 
spool valve 50 and the pusher 55 are both pushed up- 
ward as seen in Figs. 4 and 8 (to the spool valve 50 open- 
ing side) due to the spring force difference between both 
compression coil springs 53 and 58. When the solenoid 1$ 
51 is energized and the pusher 55 is urged downward 
in Figs. 4 and 8 by the magnetic force, if the resultant of 
this magnetic force and the spring force of the pusher 
side compression coil spring 58 becomes larger than the 
spring force of the spool valve side compression coil 20 
spring 53, the pusher 55 is moved downward (to the 
spool valve 50 closing side) as seen in Figs.4 and 8 to- 
gether with the spool valve 50. The length of the move- 
ment in this instance, in other words, the opening of the 
spool valve 50, is controlled by the magnitude of the 2s 
electric current energizing the solenoid 51 . 

The solenoid 51 is connected to the ECU 61 through 
lead wires 51 a and 51b as shown in Fig.2, and the mag- 
nitude of the solenoid energizing electric current is con- 
trolled by the ECU 61 The ECU 61 is connected to the 30 
vehicle speed sensor for detecting the vehicle speed 
and the steering angle sensor 63 for detecting the steer- 
ing angle at the steering handle or steering wheel (front 
wheel), and is so constructed that a current value I is 
obtained from the current value map shown in Fig.1 0 on 35 
the basis of the detection values of these sensors, and 
the solenoid 51 is energized with this electric current I. 

The current value map above is constructed by al- 
locating the current values I with the vehicle speeds V 
and the steering angles e. When this current value map *o 
is used, the current value I increases and the opening 
of the spool valve 50 decreases as the vehicle speed V 
and the steering angle 9 increase. This embodiment is 
so set that the spool valve 50 is fully closed as shown 
in Fig.4 or in Fig.8 with dash-and-double-dotted lines 45 
when the current value I becomes maximum in the cur- 
rent value map. When setting as described above, the 
screwing amount of the adjusting bolt 57a into the valve 
supporting member 45 is adjusted in a state with the so- 
lenoid 51 energized with the maximum current so that so 
the pusher 55 and the spool valve 50 are brought to their 
lowest positions in Figs.4 and 8 by the resultant force of 
the magnetic force of the solenoid 51 and the spring 
force of the pusher side compression coil spring 58. 

When assembling the pressure adjusting unit 3 con- 55 
structed as described above, the valve supporting mem- 
ber 45 of the throttle member 19 is screwed into the 
throttle connecting portion 22 of the cylinder body 14, 



and the free piston 1 5 and cover portion 23 are assem- 
bled. When assembling, O-rings are installed at various 
portions so that oil does not leak from between the mat- 
ing surfaces of component members. 

When assembling the free piston 15, before screw- 
ing the cover portion 23 into the throttle connecting por- 
tion 22, a positioning jig 64 constituted of a long bolt as 
shown in Fig. 9 is inserted into the cover portion 23 
through its screw hole in which a plug member 32 is to 
be screwed later, then this jig 64 is screwed into the 
screw hole 31 of the free piston 15. The length of the 
positioning jig 64 is so determined that, by bringing its 
head portion 64a into contact with the cover portion 23 
and screwing the free piston 1 5 over the end screw por- 
tion, an initial gap provided with a symbol L in Fig. 9 is 
formed between the projected portion side end surface 
of the free piston 1 5 and the opposite bottom surface of 
the throttle connecting portion 22. 

Since the free piston 1 5 is brought to its position 
closest to the opposite surface above by pouring oil 
while securing such a gap L as described above, the 
free piston 15 never comes into metallic contact with the 
opposite surface above however the left and right hy- 
draulic cylinders 2 may be elongated or shortened. 
Moreover, even if oil is discharged from the surfaces of 
the piston rods 9 of left and right hydraulic cylinders 2 
due to their long service, the discharged oil can be sup- 
plemented by the movement of the free piston 15 within 
the range of the initial gap L above. 

Next, the cover portion 23 on which the free piston 
15 is tentatively held through the positioning jig 64 as 
described above is screwed into the throttle connecting 
portion 22. It is also possible not to adhere to the pro- 
cedure above but to employ another procedure in which 
the cover portion 23 is screwed into the throttle connect- 
ing portion 22 with the free piston 1 5 preliminarily insert- 
ed, nearer to the high pressure gas chamber 18 side, in 
the throttle connecting portion 22, then the positioning 
jig 64 is inserted in the cover portion 23 from outside 
and screwed into the free piston 1 5. 

After assembling the pressure adjusting unit 3 as 
described above, oil is poured into the whole hydraulic 
system with the left and right hydraulic cylinders 2 fully 
elongated. Oil is poured in through the air-vent oil pour- 
ing hole 37 of the pressure adjusting unit 3. As shown 
in Fig.7, the air-vent oil pouring hole 37 is made com- 
municated with outside through an oil pouring valve 67 
composed of a bolt-like valve body 65 and a cap 66 
screwed over the valve body 65. 

The bolt-like valve body 65 is so formed as to be 
screwed into the valve hole 68 of the throttle connecting 
portion 22 . and has a tapered surface 65a so formed at 
its tip end as to come into close contact with the bottom 
portion of the valve hole 68, and a flow passage 65b 
formed therethrough to make the space in the valve hole 
68 on the valve body tip end side and the space in the 
cap 66 on the other end side communicate with each 
other. That is. when the oil pouring valve 67 is brought 
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into its opened state by removing the cap 66 from the 
valve body 65 and loosening the valve body 65 as to the 
throttle connecting portion 22, the air-vent oil pouring 
hole 37 is made communicate with the outside of the 
unit through a gap formed between the tapered surface $ 
65a and the valve hole bottom portion, a space near the 
gap above in the valve hole 68 and the flow passage 
65b. 

When pouring oil, an oil pouring device (not shown) 
is connected to the valve body 65 brought into the 10 
opened state as described above. The oil pouring de- 
vice is so constructed that the oil outlet of an oil tank 
containing oil and the suction inlet of a vacuum pump 
are selectively connected to the valve body 65. First, the 
vaccum pump is operated with the suction inlet thereof *5 
connected to the valve body 65 to suction out air in the 
pressure adjusting unit 3, left and right hydraulic pas- 
sages 10 and 11 : and hydraulic cylinders 2. Then, the 
outlet of the oil tank is connected to the valve body 65 
to make oil be suctioned into all component members 2° 
of the system above through the flow passage 65b. 
Thus, the whole system is filled with oil. 

After pouring oil, the valve body is tightened into the 
fully closed state shown in Fig. 7, the oil pouring device 
is disconnected from the valve body 65 and the cap 66 2S 
is screwed thereon instead. Then, the positioning jig 64 
which has been used to position the free piston 15 is 
loosened from the free piston 1 5 and pulled out of the 
cover portion 23, and a plug member 32 is screwed in 
the cover member 23. Finally, high pressure gas is 30 
poured in the high pressure gas chamber 18 through 
this plug member by a high pressure gas pouring injec- 
tion needle. 

Thus, assembling is completed. 

Next, the operation of the suspension system 1 con- 
structed as described above is described. 

For example, when both left and right hydraulic cyl- 
inders 2 are shortened by both left and right front wheels' 
riding over a projection on the road or the like, oils of 
amounts corresponding to the insertions of the piston 
rods 9 into the cylinder bodies 4 flow out into respective 
hydraulic passages 10 and 11 , and oils of amounts cor- 
responding to the flow-outs above flow into the cham- 
bers A and B of the pressure adjusting unit 3. In this 
instance, supposing that the hydraulic pressures in both 
hydraulic passages 10 and 11 are equal to each other, 
since there is no pressure difference between the cham- 
bers A and B, and oil does not flow through the throtte 
body 21, nearly all of the oil corresponding to the flow- 
out amount flows into the projected portion side oil 
chamber 33 and the base portion side oil chamber 34 
in the pressure adjusting unit 3. 

Here, the free piston 15 of the pressure adjusting 
unit 3 is moved along in the cylinder body 14 by the hy- 
draulic pressure applied to the oil chambers 33 and 34 
compressing the high pressure gas. In this instance, 
since the smaller diameter cylinder bore 26 and the larg- 
er diameter cylinder bore 25 are sealed from each other 



by sealing members 28 and 29 made of fluorocarbon 
resin, when a dynamic pressure is applied to the oil 
chambers 33 and 34, the projected portion 24 and the 
base portion 25 of the free piston 1 5 move along accord- 
ing to the applied pressure with a high responsiveness. 
In other words, although O-rings are elastically de- 
formed by the hydraulic pressure propagating between 
the free piston 1 5 and the cylinder bore and the free pis- 
ton 15 may not move along while the O-rings under dy- 
namic pressure are being elastically deformed if O-rings 
are used instead of these sealing members 28 and 29, 
such inconvenience can be avoided by employing the 
structure of this embodiment. 

That is, when the vehicle body pitches or bounces 
and the left and right hydraulic cylinders 2 are elongated 
or shortened in the same senses, the vibration of the 
vehicle body is restrained by the resistance against the 
oil flow through the throttles 8 in the hydraulic cylinders 
2. 

When the left hydraulic cylinder is shortened and 
the right hydraulic cylinder is elongated by a right turn 
of the vehicle body or the like, oil flows out of the left 
hydraulic cylinder 2 into the left hydraulic passage 10 
similarly to the case described above, and oil flows, on 
the contrary, into right hydraulic cylinder 2 from the right 
hydraulic passage 1 1 . The direction of oil flow in this in- 
stance is shown in Fig.1 with arrows. 

In such an instance, since the hydraulic pressure in 
the left hydraulic passage 10 becomes higher than that 
in the right hydraulic passage 12, oil flows from the 
chamber A to the chamber B through the throttle body 
21 of the throttle member 1 9, more than half of oil flowing 
out of the left hydraulic cylinder 2 flows into the right hy- 
draulic passage 12 through the throttle body 21, and oil 
flowing from the left hydraulic passage 10 into the right 
hydraulic passage 11 are divided, in the chamber B of 
the throttle member 19, into a communicating hole 36 
side flow toward the base portion side oil chamber 34 
and an oil hose connecting member 42 side flow toward 
the right hydraulic cylinder 2. In this instance, the free 
piston 15 of the pressure adjusting unit 3 moves along 
in the cylinder body 14 according to the amounts of oil 
flowing through the commuicating hole 35 making the 
chamber A communicate with the projected portion side 
oil chamber 33 and oil flowing through the communicat- 
ing hole 36 making the chamber B communicate with 
the base portion side oil chamber 34. When the vehicle 
body is inclined to the right on the contrary, the suspen- 
sion system operates similarly to the case described 
above, except that the direction of oil flow through the 
throttle body 21 is reversed. 

That is, when the left and right hydraulic cylinders 
2 are elongated or shortened in contrary senses by roll- 
ing of the vehicle body or the like, the vibration of the 
vehicle body is damped by the resistence against the oil 
flow through the throttles 8 in the hydraulic cylinders 2 
and the resistance against the oil flow through the throt- 
tle body 21 of the throttle member 19. 
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Therefore, with a suspension system 1 constructed 
as described above, when the left and right hydraulic 
cylinders 2 operate in the same senses, the amount of 
oil passing through the throttle body 21 of the throttle 
member 19 is small, and the operations of the hydraulic 
cylinders are damped by the resistance against the oil 
flow through the throttles 8 of of the pistons 5. When 
both hydraulic cylinders operate in contrary senses : the 
amount of oil passing through the throttle body 21 of the 
throttle member 19 increases, the operations of the hy- 
draulic cylinders are damped by the resistances against 
the oil flows through the throttles 8 of the pistons 5 of 
the hydraulic cylinders and also by the resistance 
against the oil flow through the throttle body 21 of the 
throttle member 19 Therefore, the damping effect be- 
comes Urgor when (he senses of operations of two hy- 
draulic cylinders 2 a-c ditierent from each other. 

Further since the tree piston 15 is of a stepped 
structure and its projected portion and base portion are 
lormed conxiriily the hydraulic pressure is applied to the 
free piston 1 5 only in thu axinl direction even when there 
is a pressure difference between the projected portion 
side oil chamber 33 and the base portion side oil cham- 
ber 34. and the free piston is never be wrenched. 

Further since the free piston 15 is of a stepped 
structure, the free piston 15 has a structure obtained 
substantially by rigidly connecting two kinds of pistons 
with each other without employing any separate con- 
necting member Therefore, since the connecting mem- 
ber is unnecessary and the cylinder body 14 can be of 
a single axis structure because two kinds of free pistons 
are connected coaxially. the pressure adjusting unit 3 
can be smaller-sized. 

In addition, since the stepped free piston 15 can be 
formed by pressing and machining using lathes, ete., it 
can be formed easily with high accuracy and with high 
productivity 

Still further, since the throttle member 1 9 is integral- 
ly provided on the cylinder body 14 having a stepped 
free piston 1 5, the structure of the oil passage for making 
the throttle member 19 communicate with the cylinder 
body 14 can be simplified. Further, a common bracket 
can be employed when securing the throttle member 1 9 
and the cylinder body 14 on the vehicle body. 

Moreover, since the throttle member 19 is con- 
structed with a throttle member casing 20 formed on the 
oil chamber side end portion of the cyllinder body 1 4 and 
a throttle body 21 partitioning the space in the throttle 
member casing 20 into two chambers A and B arranged 
in a direction perpendicular to the axis of the cylinder 
body 14, and the left hydraulic passage 10 from the left 
hydraulic cylinder 2 is made communicate with the pro- 
jected portion side oil chamber 33 through the chamber 
A while the right hydraulic passage 11 from the right hy- 
draulic cylinder 2 is made communicate with the base 
portion side oil chamber 34 through the chamber B, the 
communicating holes 35 and 36 for making the cham- 
bers A and B of the throttle member 19 communicate 



with the projected portion side oil chamber 33 and the 
base portion side oil chamber 34, respectively, can be 
easily formed y boring with a drill through the cylinder 
body 1 4 along its axis. 

5 Although the descriptions above are for an embod- 

iment in which the pressure adjusting unit 3 is connected 
to the upper oil chambers 6 of the left and right hydraulic 
cylinders 2, the pressure adjusting unit 3 may be con- 
nected to the lower oil chambers 7 as shown in Fig. 1 

10 with dash-and-double-dotted lines. With such a struc- 
ture also, an effect similar to that of this embodiment can 
be obtained. 

When applying the suspension system according to 
this invention to vehicle wheels, the manner of applica- 

15 tion may be suitably modified as shown in Figs. 11 
through 17. In these drawings, members identical or 
equivalent to those already described referring to Figs. 
1 through 10 are provided with the same symbols : and 
their detailed descriptions are omitted. 

20 Fig. 11 shows an application in which this suspen- 

sion system is applied between the left and right front 
wheels as shown in Figs. 1 through 1 0, Fig. 1 2 shows an 
application in which this system is applied between the 
left and right rear wheels, and Fig. 13 shows an applica- 

2S tion in which this system is applied between both front 
wheels and also between both rear wheels. The appli- 
cations shown in Figs. 1 1 through 1 3 are effective for re- 
straining rolling of the vehicle body. 

When this system is applied between both front 

30 wheels and also between both rear wheels as shown in 
Fig. 13, a structure is employed in which the solenoid 
type adjusting valve devices 48 for both pressure ad- 
justing unit 3 is controlled by a single ECU 61. When 
employing this structure, it is possible to control both so- 

35 lenoid type adj usting valve devices 48 for the front wheel 
side and the rear wheel side using a single current value 
map, or to control the solenoid type adjusting valve de- 
vices 48 for the front wheel side and for the rear wheel 
side independently by preparing a separate current val- 

40 ue map for each side. 

Fig. 14 shows an application in which this system is 
applied between both lefthand wheels and also between 
both righthand wheels. This application is effective for 
restraining pitching of the vehicle body. 

45 Fig. 1 5 shows an application in which this system is 
applied between the left front wheel and the right rear 
wheel and also between the right front wheel and the 
left rear wheel. This application is effective not only for 
restraining pitching and rolling of the vehicle body but 

50 also for restraining vehicle body behavior caused by 
combination of pitching and rolling. 

Fig. 1 6 shows an application in which only one pres- 
sure adjusting unit 3 is used, one oil chamber is made 
communicate with hydraulic passages of both front and 

55 rear left wheels and the other oil chamber is made com- 
municate with hydraulic passages of both front and rear 
right wheels. With this application, not only rolling can 
be restrained, but it is possible to make it difficult for the 
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damping force to work when front wheels and rear 
wheels moves so as to twist in the lateral direction as 
seen from front. For example, even if the left front wheel 
rides over a projection on the road, the shock to the ve- 
hicle body can be smaller. 

Fig. 17 shows an application in which only one pres- 
sure adjusting unit 3 is used, one oil chamber is made 
communicate with hydraulic passages of both front left 
and rear right wheels and the other oil chamber is made 
communicate with hydraulic passages of both front right 
and rear left wheets. With this application, a larger 
damping force works when front wheels and rear wheels 
move so as to twist in the lateral directbn as seen from 
front. 

Embodiment 2 

The throttle member to be used in the pressure ad- 
justing unit 3 can be constructed as shown in Figs. 18 
through 20. 

Fig. 1 8 is a sectional view showing another example 
of the throttle body, Fig.1 9 is a top view showing an ex- 
ample provided with a manual adjusting valve device, 
and Fig. 20 is a sectional view taken along the line XX- 
XX in Fig. 19. In these drawings, members identical or 
similar to those already described referring to Figs. 1 
through 17 are provided with the same symbols, and 
their detailed dscriptions are omitted. 

The throttle member 19 shown in Fig. 18 has check 
valves 46 and 47 for opening and closing the communi- 
cating holes 21c and 21 d of the throttle body 21 formed 
by piling a plurality of circular disks in the axial direction. 
The throttle body 21 of this embodiment has a structure 
similar to that of the pistons 5 used in left and right hy- 
draulic cylinders 2. Further, the bypass passage 49 has 
its communicating .portion in communication with the 
spool valve hole 52 radially extended so that the spool 
valve 50 is not moved by the dynamic pressure. This 
communicating portion in communication with the spool 
valve hole 52 is formed at one place in this embodiment. 

The throttle member 19 shown in Figs. 19 and 20 
has a generally bottomed cylindrical adjusting member 
71 rotatably fitted in the core portion of the valve sup- 
porting member 45, and is so constructed that the sub- 
stantial throttle amount of the throttle body 21 is 
changed according to the rotational position of the ad- 
justing member 71. Describing further in detail, the valve 
supporting member 45 has a smaller diameter hole 72 
bored through its core portion and opened through its 
tip end portion in communication with the chamber B, a 
base end (upper end as seen in Fig. 30) side larger di- 
ameter hole 73 bored through its core portion in com- 
munication with the hole 72 and opened through its oth- 
er end surface, and a cross hole 74 making the larger 
diameter hole 73 communicate with the chamber A. The 
adjusting member 71 is inserted in the larger diameter 
hole 73 with its opening portion directed toward the tip 
end side of the valve supporting member 45. 



The adjusting member 7 1 has a plurality of commu- 
nicating holes 75 bored from its periphery to its inner 
surface at regular circumferential intervals in its region 
corresponding to the cross hole 74. This embodiment 
5 has eight communicating holes 75 having different di- 
ameters, i.e., different passage sectional areas, and is 
so constructed that a communicating hole 75 having a 
desired sectional area is selectively brought to the po- 
sition opposite to the cross hole 74 by rotating the ad- 
10 justing member 71 . 

That is, the chambers A and B in the throttle mem- 
ber 1 9 are made communicate with each other through 
the cross hole 74, selected communicating hole 75, hol- 
low portion of the adjusting member 71 , larger diameter 
15 hole 73 and smaller diameter hole 72 forming a bypass 
passage as a whole. 

Since the rate of oil flow through this bypass pas- 
sage changes according to the passage sectional area 
of the selected communicating hole 75, the amount of 
20 throttle of the throttle body 21 is changed by changing 
the communicating hole 75 positioned opposite to the 
cross hole 74. The oil flow through the bypass passage 
increases and the amount of throttle in the throttle body 
21 decreases when a communicating hole 75 having a 
25 larger passage sectional area is positioned opposite to 
the cross hole 74, while, on the contrary, the oil flow 
through the bypass passage decreases and the amount 
of throttle in the throttle body 21 increases when a com- 
municating hole 75 having a smaller passage sectional 
30 area is positioned opposite to the cross hole 74. Al- 
though the number of the communicating holes 75 is 
eight in this embodiment, this number may be appropri- 
ately changed. On the other hand, the adjusting member 
71 may be provided with a blind portion with which the 
35 bypass passage is closed. 

A feature formed on the outer end surface of the 
adjustig member 71 and provided with a symbol 76 is a 
groove to be engaged with the tip end of, e.g., a flat type 
screwdriver. The adjusting member 71 can be rotated 
40 by bringing a flat screwdriver into engagement with this 
groove 76 and rotating it. The symbols 77 in Fig.1 9 refer 
to marks for identifying the rotational position of the ad- 
justing member 71. 

The 0-ring 78 shown in Fig.20 functions, not only 
45 for preventing oil from leaking out, but also for producing 
a resistance against free rotation of the adjusting mem- 
ber 71 . The symbol 79 refers to a circlip for preventing 
the adjusting member 71 from coming out. Even if the 
throttle member 19 is constructed as shown in Figs.18 
50 through20, effects equivalent to those of the preceeding 
embodiments can be obtained. 

Although the stepped free piston 15 in the embod- 
iments above is formed generally like a bottomed cylin- 
der and its projected portion and base portion are both 
55 formed cylindrical ly, the sectional forms of both portions 
may be like ellipses, long circles or polygons having 
many corner portions, etc., without sticking to such lim- 
itation. Further, both portions above may not be coaxial, 
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but the axes of both portions may be shifted from each 
other if only the projected portion is included within the 
projection area of the base portion as seen in the axial 
direction and the axes of both portions are parallel to 
each other. 5 

Embodiment 3 

Next, an embodiment of the invention is described 
in detail referring to Figs. 21 through 24. io 

Fig. 21 is a sectional view showing the schematical 
structure of the pressure adjusting unit to be used in the 
suspension system for 4-wheel vehicles according to 
this embodiment 

Fig. 22 is a graph showing the relation between the is 
piston speed difference between the left and right hy- 
draulic cylinders and the damping force at the throttle 
member, Fig. 23 is a front view showing an example in 
which the pressure adjusting cylinder is integrally in- 
stalled on the hydraulic cylinder, and Fig. 24 is a section- 20 
al view showing a practical example of the pressure ad- 
justing unit to be used in the suspension system for 
4-wheel vehicles according to this embodiment. In these 
drawings, members identical or similar to those already 
described referring to Figs. 1 through 20 are provided 25 
with the same symbols, and their detailed dscriptions 
are omitted. 

The pressure adjusting unit 3 shown in Fig.21 is 
equivalent to that shown in Fig.1 except that the throttle 
member 21 is constructed integrally with the free piston 
15. That is, the free piston 15 is so constructed as to 
function as a throttle body. 

The throttle member 21 is constructed with a com- 
municating passage 81 so formed through the free pis- 
ton 15 as to make the oil chamber 16 (projected portion 
side oil chamber) communicate with the oil chamber 17 
(base portion side oil chamber) and a throttle 82 as a 
throttling valve located in this communicating passage 
81 . The damping force of this throttle 82 is so set as to 
be not greater than the maximum damping force F max 
obtained by multiplying the gas pressure in the high 
pressure gas chamber 1 8 by the cross-sectional area of 
the piston rod 9. This is because, since the damping 
force to be obtained by the throttle 82 changes accord- 
ing to the piston speed difference between both hydrau- 
lic cylinders 2 as shown in Fig.22, it is required to set 
the damping force taking this piston speed difference 
into consideration. In other words, this is because, if the 
damping force is set larger than F,^ shown in Fig.22, 
cavitation occurs in the hydraulic passage and it be- 
comes impossible to obtain a stable damping effect. 

Therefore, the damping force of the throttle 82 used 
in this embodimet was so set as to be not greater than 
F max of Fig.22 when the piston speed difference is in the 
actual operating range. Fig.22 shows the characteristic 
of the damping force to be generated by the throttle 82 
for one hydraulic cylinder 2. This damping force was 
measured moving the piston rod 9 with the throttle in the 



hydraulic cylinder 2 removed so that oil passes through 
the piston without suffering any resistance. 

When installing this pressure adjusting unit 3 on a 
vehicle body, its component members are constructed 
as shown in Figs. 23 and 24. 

The hydraulic cylinder 2 shown in these drawings 
is installed between the vehicle body side and the vehi- 
cle wheel side by connecting the upper end of the piston 
rod 9 to the vehicle body (not shown) of the automobile 
and pivotally supporting the cylinder body 4 on a region, 
such as the front wheel suspension link, which moves 
up and down together with the front wheel relative to the 
vehicle body. Of course, the vertical sense of installation 
of the hydraulic cylinder may be contrary to that de- 
scribed above. 

The left one of these hydraulic cylinders 2 has the 
bottom portion of the cylinder body 4 formed with the 
projected portion side body 83 (to be described later) of 
the pressure adjusting unit 3. The piston rod 9 has a 
needle 9b installed therein to change the throttle amount 
at the throttle 8 by changing the passage sectional area 
of the bypass passage 9a formed vertically through the 
piston 5. Each of the left and right hydraulic cylinders 2 
has a lower oil chamber 7 located lower than the piston 
5 and made communicate with the pressure adjusting 
unit 3 through a left or right hydraulic passage 10 or 11 . 

The pressure adjusting unit 3 is disposed on the 
side of the left hydraulic cylinder 2, has a cylinder body 
14 constructed with an upward-opening bottomed cylin- 
drical projected portion side body 83 formed integrally 
on the bottom portion of the left side hydraulic cylinder 
2, a cylindrical base portion side body 84 welded on the 
upper end opening portion of this projected portion side 
body 83 and a cover body 85 fitted in and fixed on the 
upper end opening portion of this base portion side body 
84, and has a free piston 15 composed of a base portion 
25 and a projected portion 24 slidably fitted in the pro- 
jected portion side body 83 and the base portion side 
body 84, respectively. In this embodiment, the axis of 
the pressure adjusting unit 3 and the axis of the left side 
hydraulic cylinder 2 are parellel to each other. 

The free piston 15 used in this embodiment has a 
structure in which the throttle body 21 is fastened on the 
projected portion 24 through a nut and moves along to- 
gether with the projected portion 24, and the throttle 
body 21 is made function substantially as the projected 
portion side piston by fitting the periphery portion of the 
throttle body 21 in the smaller diameter cylinder hole 86 
of the projected portion side body 83. That is, the space 
in the smaller diameter cylinder hole 86 of the projected 
portion side body 83 is partitioned by the throttle body 
21 into a projected portion side oil chamber 33 and a 
base portion side oil chamber 34 positioned lower and 
upper, respectively, in Fig. 24. 

The projected portion side oil chamber 33 is made 
communicate with the lower oil chamber 7 of the right 
hydraulic cylinder 2 through an oil hole 87 bored at the 
bottom portion of the projected portion side body 83, a 
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nipple 88 and a right side hydraulic passage 11. The 
base portion side oil chamber 34 is made communicate 
with the lower oil camber 7 of the left hydraulic cylinder 
2 through an oil passage 89 bored through the projected 
portion side body 83. This oil passage 89 constitutes the $ 
left side oil passage 10. 

The throttle body 21 used in this embodiment has 
a structure generally similar to that shown in Fig.4, has 
grooves 21a and 21 b formed thereon, has communicat- 
ing holes 21c and 21 d bored axially therethrough, and io 
has check valves 46 and 47 installed thereon as throt- 
tling valves. Further, the region of the throttle body 21 
to be fitted in the smaller diameter cylinder hole 86 has, 
installed thereoa a sealing member 90 equivalent to 
that 29 installed on the base portion 25 of the free piston is 
15. Further, the throttle body 21 has a small diameter 
orifice hole 21 e for finely adjusting the damping force at 
the throttle body 21 bored therethrough to make the 
communicating hole 21 d and the projected portion side 
oil chamber 33 communicate with each other. The diam- 20 
eter of the orifice hole 21 e is so selected that a required 
damping force is obtained by the throttle body 21 . 

The cover body 85 has, installed therein, a sealing 
rubber 91 through which a gas pouring injection needle 
is inserted when high pressure gas is poured into the 25 
high pressure gas chamber 18, and a blind screw 92 
screwed therein to plug the injection needle inserting 
hole. 

Also with a suspension system for 4-wheel vehicles 
constructed as described above, the damping force is 
obtained only by the throttle 8 in the hydraulic cylinder 

2 when the left and right hydraulic cylinders 2 are elon- 
gated or shortened in the same senses. When the left 
and right hydraulic cylinders 2 are elongated and short- 
ened in the contrary senses, the vibration of the vehicle 
body is damped by the resistance against the oil flow 
through the throttle 8 in the hydraulic cylinder 2 and also 
by the resistance against the oil flowthrough the throttle 
body 21 in the pressure adjusting unit 3. In this instance, 
since the throttle body 21 partitions the projected portion 
oil chamber 33 and the base portion side oil chamber 
34, oil flows from each oil chamber directly into the com- 
municating passages 21c and 21 d of the throttle body 
21. 

Therefore, since the damping force is obtained by 
two kinds of throttles when the vehicle body is inclined 
to the left or right and by one kind of throttle when the 
vehicle body is moved up or down as is the case with 
the first embodiment, the using condition of each throttle 
can be limited and setting becomes easier. 

The suspension system described as Embodiment 

3 has following advantages over the system described 
as Embodiment 1: 

(1 ) Since the axial end surfaces of the throttle body 
21 constitute the inner wall for the projected portion 
side oil chamber 33 and the inner wall for the base 
portion side oil chamber 34, oil passages for leading 



oil from both oil chambers to the throttle body 21 
become unnecessary. Therefore, the pressure ad- 
justing unit 3 is simplified and smaller-sized, and the 
number of its component parts can be reduced. 

(2) Since the pressure adjusting unit 3 is formed in- 
tegrally with the left hydraulic cylinder 2, the bracket 
or the like for installing the pressure adjusting unit 
3 is no more required. 

(3) Since the pipe members for constructing the left 
side hydraulic passage 10 are no more required, 
pipe members required for making the pressure ad- 
justing unit 3 communicate with the left and right hy- 
draulic cylinders 2 can be only one for forming the 
right side hydraulic passage 11. 

4) Since the hydraulic passage for making the left 
and right hydraulic cylinders 2 communicate with 
the projected portion side oil chamber 33 and base 
portion side oil chamber 34 can be of simple forms 
and the flow passage resistance is reduced, the 
contribution of the hydraulic passage resistance to 
the damping force is reduced and the width of set- 
ting is enlarged when setting the damping force at 
the throttle body 21. 

Although the pressure adjusting unit 3 is installed 
on the left hydraulic cylinder 2 in the Embodiment 3 
above, it may be installed on the right hydraulic cylinder 
2. Further, the pressure adjusting unit may be installed 
not on the side of the hydraulic cylinder 2 but on the axis 
of the hydraulic cylinder 2 

Embodiment 4 

Another embodiment in which the pressure adjust- 
ing unit 3 is installed on the axis of the hydraulic cylinder 
2 is described in detail referring to Figs.25 and 26. 

Fig.25 is a front view showing another embodiment 
in which the pressure adjusting unit 3 is installed on the 
axis of the left hydraulic cylinder 2, and Fig.26 is a sec- 
tional view showing the pressure adjusting unit in a larg- 
er scale. In these drawings, members identical or similar 
to those already described referring to Figs. 1 through 

24 are provided with the same symbols, and their de- 
tailed dscriptions are omitted. 

The pressure adjusting unit 3 shown in Figs.25 and 
26 is constructed by employing the lower end portion of 
the cylinder body 4 of the left hydraulic cylinder 2 as the 
projected portion side body and welding the upper end 
of the base portion side body 84 on the periphery of the 
lower end portion of the cylinder body 4 through a con- 
necting pipe 93 and a connecting ring 94. The base por- 
tion side body 84 is located coaxially with the cylinder 
body 4. 

The throttle body 21 fastened on the projected por- 
tion 24 of the free piston 1 5 through a nut is fitted into 
the cylinder body 4 from below, while the base portion 

25 of the free piston 1 5 is fitted in the base portion side 
body 84. That is, the tower oil chamber 7 of the left hy- 
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draulic cylinder 2 functions also as the projected portion 
side oil chamber of the pressure adjusting unit 3. The 
base portion side oil chamber 34 is made communicate 
with the lower oil chamber 7 of the right hydraulic cylin- 
der 2 through an oil hole 95 bored through the upper 
portion of the base side oil chamber 84 and the right 
hydraulic passage 11 having a nipple 88. 

The cover body 85 closing the lower end portion of 
the base portion side body 84 is provided with a con- 
necting boss port ion 96 for pivotally supporting the lower 
portion of the hydraulic cylinder 2 on a region, such as 
the front wheel suspension link, which moves up and 
down together with the front wheel relative to the vehicle 
body and also a plug member 32 shown in Fig. 5. 

With such a structure as described above also, ef- 
fects equivalent to those of the suspension system of 
Embodiment 3 above can be obtained. The suspension 
system described "as Embodiment 4 has following 
advantages : 

(1 ) The suspension system becomes compact as 
much as the pressure adjusting unit 3 is not project- 
ed downward and sideward of the hydraulic cylinder 

2. 

(2) Since the smaller diameter cylinder hole in which 
the projected portion 24 of the free piston 1 5 is fitted 
is formed with the cylinder body 4 of the left hydrau- 
lic cylinder 2, the pressure adjusting unit 3 becomes 
more compact. 

(3) Since the lower oil chamber 7 of the left hydraulic 
cylinder 2 functions also as the projected portion 
side oil chamber of the pressure adjusting unit 3 and 
the oil passage for making both chambers commu- 
nicate with each other is disused, the pressure ad- 
justing unit 3 is further smaller-sized in addition to 
the advantage (2) above. 

Embodiment 5 

When installing the pressure adjusting unit 3 on the 
axis of the hydraulic cylinder 2, a structure shown in Fig. 
27 can be employed also. 

Fig. 27 is a sectional view showing still another em- 
bodiment in which the pressure adjusting unit is installed 
on the axis of the hydraulic cylinder. In this drawing, 
members identical or similar to those already described 
referring to Figs. 1 through 26 are provided with the 
same symbols, and their detailed descriptions are omit- 
ted. 

In the pressure adjusting unit shown in Fig. 27, a cy- 
lindrical projected portion side body 83 is disposed co- 
axially in the base portion side body 84, while the upper 
end openings of these bodies arc welded on the bottom 
member 97 of the hydraulic cylinder 2 forming the pro- 
jected portion side oil chamber 33 and the base portion 
side oil chamber 34 therein. The bottom member 97 has 
a cylindrical portion 97a formed integrally therewith and 
extended into the projected portion side body 83, and a 



throttle body 21 is fastened on the cylindrical portion 97a 
through a nut. The throttle body 21 partitions the space 
in the projected portion side body 83 into a projected 
portion side oil chamber 33 on the free piston 15 side 

s and another oil chamber 98 on the opposite side. 

The projected portion side oil chamber 33 is made 
communicate with the lower oil chamber 7 of the hydrau- 
lic cylinder 2 through an oil passage 99 formed through 
the core portionof the bottom member 97, while the oil 

10 chamber 98 is made communicate with the base portion 
side oil chamber 34 through an oil hole 100 opened 
through the upper portion of the projected portion side 
body 83. The base portion side oil chamber 34 is made 
communicate with the lower oil chamber 7 of the right 

is hydraulic cylinder 2 through an oil hole 95 opened 
through the upper portion of the base portion side body 
84 and a right hydraulic passage 11 having a nipple 88. 

The projected portion 24 of the free piston 15 has 
its top surface concaved to shorten the axial length of 

20 the free piston 1 5 and to avoid its interference with mem- 
bers positioned opposite thereto such as the cylindrical 
portion 97a of the bottom member 97 and the nut 101 
for fastening the throttle body 21 on the cylindrical por- 
tion 97a. 

25 with such a structure also, effects equivalent to 
those of Embodiment 4 above can be obtained. 

Embodiment 6 

30 Although the pressure adjusting unit 3 is integrally 
provided on the hydraulic cylinder in the Embodiments 
3 through 5, both members can be separately formed 
as shown in Figs. 28 and 29. 

Fig.28 is a front view showing another embodiment 

35 in which the pressure adjusting unit and the hydraulic 
cylinder are formed separately from each other, and Fig. 
29 is a sectional view showing the pressure adjusting 
unit in a larger scale. In these drawings, members iden- 
tical or similar to those already described referring to 

40 Figs. 1 through 27 are provided with the same symbols, 
and their detailed descriptions are omitted. 

The hydraulic cylinder 2 shown in Fig.28 has an oil 
passage 102 so formed in the piston rod 9 as to longi- 
tudinally penetrate it, and the lower oil chamber 7 is 

45 made communicate with the left hydraulic passage 10 
through this oil passage 1 02 and a pipe connector mem- 
ber 103 attached on the upper end of the piston rod 9. 
While the hydraulic cylinder 2 shown in Fig.28 is one to 
be disposed on the left side of the vehicle body, the hy- 

so draulic cylinder 2 to be disposed on the right side of the 
vehicle body has the same structure, and its lower oil 
chamber is made communicate with the right hydraulic 
passage 11. 

When hydraulic cylinders 2 having such a structure 
55 are employed and the piston rod 9 is positioned above 
the spring, the hydraulic hoses or the like forming the 
left and right hydraulic passages 10 and 11 are prevent- 
ed from swinging. In addition, since there are only few 
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other vehicle parts such as cushion spring seats near 
the upper end of the piston rod 9, the hydraulic hoses 
above or the like are restrained from interfering with 
these other parts. 

The pressure adjusting unit 3 has a cylinder body 

14 formed with a downward opening bottomed cylindri- 
cal body 1 04 composed of a lower portion, an upper por- 
tion having a diameter smaller than that of the lower por- 
tion and a cover body 85 closing the lower end opening 
portion of the body 104. In the projected portion side oil 
chamber forming section 104a formed in the body 104 
with a smaller diameter is fitted the throttle body 21 fas- 
tened on the projected portion 24 of the free piston 1 5 
through a nut, and, in the base portion side oil chamber 
forming section 104b formed in the body 104 with a larg- 
er diameter is fitted the base portion 25 of the free piston 
15. By thus fitting, the projected portion side oil chamber 
33, base portion side oil chamber 34 and high pressure 
gas chamber 18 are formed in the cylinder body 14. 

The projected portion side oil chamber 33 is made 
communicate with the left hydraulic passage 1 0 through 
an oil hose connector member 41 connected to the bot- 
tom portion (positioned at the top in Fig. 29) of the body 
104, while the base portion side oil chamber 34 is made 
communicate with the right hydraulic passage 11 
through an oil hose connector member 42 connected to 
the upper portion of the base portion side oil chamber 
forming section 104b of the body 104. 

An oil pouring valve 67 already shown in Fig.7 is 
installed through the region of the body 104 positioned 
opposite to the oil hose connector member 42 with re- 
spect to the axis of the body 104. Further, the Iree piston 

15 has a screw hole 31 so formed through its base por- 
tion 25 as to receive the positioning jig 64 shown in Fig. 
9. That is, this pressure adjusting unit 3 is so constructed 
that oil is poured into the hydraulic system by the same 
method as that for Embodiment 1 . 

What is screwed into the projected portion 24 of the 
free piston 1 5 and provided with a symbol 1 05 is a throt- 
tle for finely adjusting the damping force at the throttle 
body 21. The throttle 105 has a small diameter hole 
1 05a bored therethrough, and is disposed at the project- 
ed portion side oil chamber 33 side opening end of a 
bypass passage so bored through the projected portion 
24 of the free piston 1 5 as to make the projected portion 
side oil chamber 33 and the base portion side oil cham- 
ber 34 communicate with each other. 

To finely adjust the damping force at the throttle 
body 21 , a plurality of throttles 1 05 having various small 
hole diameters are preliminarily prepared, and the throt- 
tle 105 is exchanged with a throttle 105 having a small 
diameter hole 105a of a diameter suitable for obtaining 
the required damping force. 

Of course, the free piston 15 may be constructed 
without the bypass passage 106 or throttle 105 so that 
the damping force can not be finery adjusted. 



Embodiment 7 

The structure for finely adjusting the damping force 
at the throttle body 21 by a throttle provided in the by- 
5 pass passage can be constructed also as shown in Figs. 
30 and 31 . 

Fig. 30 is a sectional view showing another embod- 
iment in which a movable throttle is provided in the by- 
pass passage of the free piston to finely adjust the 

10 clamping force, and Fig.31 is a sectional view taken 
along the line A-A of Fig.30. In these drawings, mem- 
bers identical or similar to those already described re- 
ferring to Figs.1 through 29 are provided with the same 
symbols, and their detailed descriptions are omitted. 

is The pressure adjusting unit 3 shown in Fig.30 has 
a movable throttle 107 rotatably fitted in the core portion 
of the free piston 1 5 so as to cross the bypass passage 
106. This movable throttle 107 has a function similar to 
that of the adjusting member 71 of Embodiment 2 shown 

20 in Fig. 20, and is formed with a bottomed cylindrical throt- 
tle body 107a having a plurality of communicating holes 
108 radially bored with various diameters and disposed 
circumferentially at some intervals, and rotatably fitted 
in the free piston 15 in a state prevented from coming 

25 out, and a shun k portion 1 07b extended from the throttle 
body 107a to the high pressure gas chamber 18. What 
is positioned on the opening end side of the throttle body 
107a and provided with a symbol 109 is a disk spring 
for urging the movable throttle 1 07 toward the high pres- 

30 sure gas chamber 18. 

The shunk portion 107b of the movable throttle 107 
has its projected end portion connected to the throttle 
changing rod 110 fitted in the core portion of, and rotat- 
ably supported by, the cover body 85. This connected 

35 portion is so constructed that the shunk portion 1 07b ro- 
tates together with the rod 110 when the rod is rotated, 
and axially moves along relative to the the rod 1 1 0 when 
the free piston axially moves along. The throttle chang- 
ing rod 110 has a slot 110a formed on its end surface 

40 exposed out of the cover body 85, and the rod 110 is 
rotated by a flat type screwdriver inserted in this slot 
110a. 

On a pressure adjusting unit 3 provided with a mov- 
able throttle 107 constructed as described above, the 

45 flow rate of the oil flowing through the bypass passage 
106 is changed and the throttle amount at the throttle 
body 21 is changed according to the cross-sectional ar- 
ea of the communicating hole 1 08 by selecting the com- 
municating hole 108 by changing the rotational position 

so of the rod 110. 

The projected portion side oil chamber forming sec- 
tion 104a of this pressure adjusting unit 3 is provided 
with many heat radiating fins 111 formed on its periphery 
at regular circumferential intervals as shown in Fig.31 

55 so that oil in the pressure adjusting unit 3 is effectively 
cooled by air. 



15 



29 



EP 0 891 884 A2 



30 



Embodiment 8 

As a structure for finely adjusting the damping force 
at the throttle body 21 by changing the throttle provided 
in the bypass passage, other than the structure in which 
the pressure adjusting unit 3 is directly and mechanically 
operated as is the case with Embodiments 6 and 7 
above, a structure can be employed in which the pres- 
sure adjusting unit 3 is remotely controlled as shown in 
Figs.32 and 33. 

Fig. 32 is a front view showing another embodiment 
for finely adjusting the damping force at the pressure 
adjusting unit by remote control, and Fig.33 is a section- 
al view showing the pressure adjusting unit above in a 
larger scale. In these drawings, members identical or 
similar to those already described referring to Figs.1 
through 31 are provided with the same symbols, and 
their detailed descriptions are omitted. 

The hydraulic cylinder 2 shown in Fig. 32 is of a so- 
called double-cylinder type, and its cylinder body 4 is 
constructed with an outer cylinder 1 1 2, an inner cylinder 
113 coaxially disposed in the outer cylinder 112 and a 
piston 5 inserted in the inner cylinder 113. A throttle pas- 
sage forming member 116 for making the lower oil 
chamber 7 communicate with the annular oil chamber 
between the outer cylinder 112 and the inner cylinder 
1 1 3 through throttles 114 and 1 1 5 is installed on the low- 
er end portion of the inner cylinder 113. The member 
provided with a symbol 1 1 7 is a compression coil spring 
for urging the throttle 115 toward the passage closing 
side, and the member provided with a symbol 118 is a 
bracket for installing the cylinder body 4 on a knuckle 
(not shown) of the front wheel suspension. 

The annular oil chamber of this hydraulic cylinder 2 
is made communicate with the left hydraulic passage 10 
through a nipple 119 installed on the lower portion of the 
outer cylinder 1 1 2. The hydraulic cylinder 2 disposed on 
the right of the vehicle body has the same structure as 
that described above, and its annular oil chamber is 
made communicate with the right hydraulic passage 11 . 

The pressure adjusting unit 3 is provided with a so- 
lenoid type adjusting valve device 48 already described 
in connection with Embodiment 1 (see Fig.4). The de- 
tailed description of the solenoid type adjusting valve 
device 48 is omitted here because it overlaps with that 
for Embodiment 2. In this embodiment, the valve sup- 
porting member 45 of the solenoid type adjusting valve 
device 48 is screwed into the free piston 15 from the 
high pressure gas chamber 18 side. By employing such 
a structure, sealing members 120 are inserted in the 
portions where the lead wires 51a and 51b penetrates 
the valve supporting member 45 and the cover body 85. 
The members provided with symbols 121 are couplers 
for the lead wires 51a and 51b, and the members pro- 
vided with a symbol 1 22 are terminals. 

When the pressure adjusting unit 3 is incorporated 
with a solenoid type adjusting valve device 48 as de- 
scribed above, since the damping force at the throttle 



body 21 can be finely adjusted by remote control, it be- 
comes possible to adjust the damping force even while 
the vehicle is running. 

According to the above described embodiments of 

5 the invention, on a suspension system for 4-wheel ve- 
hicles comprising hydraulic cylinders installed on at 
least two of four vehicle wheels and each partitioned into 
an upper oil chamber and a lower oil chamber by a throt- 
tled piston and each installed between the vehicle wheel 

io side and the vehicle body side by connecting one and 
the other of the cylinder body thereof and the piston 
thereof to one and the other of the vehicle wheel side 
and the vehicle body side, and pressure adjusting cyl- 
inders each partitioned into an oil chamber communi- 

'5 eating with one of upper and lower oil chambers of the 
hydraulic cylinders and a high pressure gas chamber by 
respective free pistons, 

the free pistons for the pressure adjusting cylinders be- 
ing constructed integrally so as to operate together, and 
20 the pressure adjusting cylinders being made communi- 
cate with respective hydraulic cylinders through respec- 
tive hydraulic passages made communicate with each 
other through a throttle member, 

the two pressure adjusting cylinders are integrally con- 

25 structed with a stepped free piston having a base portion 
and a projected portion projected therefrom axially 
thereof and included within the projection area of the 
base portion as seen axially thereof, and a cylinder body 
in which the base portion and projected portion of the 

30 stepped free piston is fitted to form a base side oil cham- 
ber, projected portion side oil chamber and a high pres- 
sure gas camber, and the base portion side oil chamber 
and the projected portion side oil chamber are made re- 
spectively communicate with the hydraulic passages of 

35 the hydraulic cylinders. 

Therefore, the amount of oil passing through the 
throttle of the pressure adjusting cylinder is small when 
both hydraulic cylinders are elongated or shortened in 
the same senses, and the operations of hydraulic cylin- 

40 ders are damped by the resistance against the oil flow 
through the throttles of the pistons of the hydraulic cyl- 
inders. When both hydraulic cylinders are elongated or 
shortened in contrary senses, since the amount of oil 
flowing through the throttle member on the pressure ad- 

45 justing cylinder side increases, the operation of the hy- 
draulic cylinders is damped by the resistance against 
the oil flows through the throttles of the pistons of the 
hydraulic cylinders and the resistance against the oil 
flow through the throttle member on the pressure adjust- 

50 ing cylinder side. 

Therefore, since the throttle member on the pres- 
sure adjusting cylinder side exhibits a damping effect 
when a difference is caused between the senses of op- 
erations of two hydraulic cylinders, the using condition 

55 of each throttle in the system can be limited, and setting 
becomes easier. 

Further, since the pressure is applied to the free pis- 
ton only in the direction of its axis even when a pressure 
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difference is caused between the base portion side and 
the projected portion side of the pressure adjusting cyl- 
inder because the free piston is made of a stepped struc- 
ture in which its projected portion is included within the 
projection area of the base portion and the axes of its 
base portion and its projected portion are disposed 
close to and in parallel to each other, the free piston is 
not wrenched. Therfore an effect is obtained that the 
opration becomes smoother. 

Still further, since the free piston is of a stepped 
structure, the free piston has a structure obtained by rig- 
idly connecting substantially two kinds of pistons without 
using a separate connecting member. Since no con- 
necting member is required between free pistons and 
the pressure adjusting cylinder may be of a single axis 
structure because the axes of two kind of free pistons 
are disposed close to each other, the pressure adjusting 
cylinder becomes smaller-sized. Therefore, the install- 
ing space can be smaller when the suspension system 
according to this invention is installed on a 4-wheel ve- 
hicle vehicle. Moreover, since the free piston is of a 
structure in which its projected portion is included within 
the projection area of the base portion and the axes of 
its base portion and its projected portion are disposed 
in parallel to each other, these two portions can be easily 
formed and the parallelism of the axes of both portions 
is easily obtained. 

Still further, since the stepped free piston can be 
formed through pressing or machining, they can be 
formed with a high accuracy and a high productivity. 
Therefore, a high quality suspension system can be ob- 
tained with a low cost. 

In addition, since the stepped free piston formed 
with a high accuracy as described above can be accu- 
rately fitted in the pressure adjusting cylinder, the sliding 
resistance against the movement of the free piston can 
be smaller, and an effect is obtained that its operation 
becomes smoother. 

Furthermore, on a suspension system for 4-wheel 
vehicles of the above type, the pressure adjusting cyl- 
inder having a stepped free piston is integrally provided 
with a throttle member. Therefore, the structure of the 
hydraulic passage for making the throttle member com- 
municate with the pressure adjusting cylinders is simpli- 
fied and production becomes easier. Further the pres- 
sure adjusting cylinders and the throttle member are in- 
tegrated, which makes them compact. Further, since a 
common bracket can be used to install these both on 
the vehicle body, the installing structure is simplified and 
their occupying space can be reduced. 

Preferrably , the throttle member is constructed with 
a throttle member casing formed on the oil chamber side 
end portion of the cylinder body for the pressure adjust- 
ing cylinders and a throttle body partitioning the casing 
into two chambers arranged in a direction perpendicular 
to the axes of the pressure adjusting cylinders, the hy- 
draulic passage from one of the hydraulic cylinders is 
made communicate with the base portion side oil cham- 



ber of the pressure adjusting cylinder through one of 
these two in-casing spaces while the hydraulic passage 
from the other of the hydraulic cylinders is made com- 
municate with the projected portion side oil chamber of 

5 the pressure adjusting cylinder through the other of the 
in-casing spaces. Therefore, the communicating pas- 
sages for making two in-casing spaces of the throttle 
member communicate with the base portion side oil 
chamber and the projected portion side oil chamber, re- 

10 spectively, can be formed by boring through the pres- 
sure adjusting cylinder with a drill in a direction along its 
axis. 

Therefore, since it becomes possible to make two 
in-casing spaces of the throttle member communicate 
is with the projected portion side oil chamber and the base 
portion side oil chamber without using tubing members, 
the system becomes still more compact. Moreover, 
since these communicating passages can be formed 
with a drill, forming is very easy. 
20 Moreover ,the throttle member is composed of a 
throttle body fitted in the projected portion side oil cham- 
ber of the pressure adjusting cylinder so as to partition 
the projected portion side oil chamber and the base por- 
tion side oil chamber and provided with oil passages 
25 formed so as to penetrate itself in the axial direction, and 
a throttling valve located in the oil passages above. 
Therefore, since one axial end of the throttle body con- 
stitutes an inner wall of the projected portion side oil 
chamber, the oil passage for leading oil from the project- 
ed ed portion side oil chamber to the throttle body becomes 
unnecessary. 

Therefore, the pressure adjusting cylinder is simpli- 
fied and smaller-sized, the number of its component 
parts can be reduced, and its production cost is reduced. 
35 Further, since the form of the hydraulic passage from 
the hydraulic cylinder to the oil chamber in the pressure 
adjusting cylinder is simplified and the flow passage re- 
sistance is reduced, the contribution of the hydraulic 
passage resistance to the damping force at the throttle 
40 body is reduced and the width of setting is enlarged 
when setting the damping force at the throttle body. 



Claims 

45 

1. Suspension system for a vehicle having a plurality 
of wheels, comprising a pair of hydraulic shock ab- 
sorbers (2) associated with respective wheels, each 
of said hydraulic shock absorbers having a throttled 

so piston (5) partitioning a first and second fluid cham- 
ber (6,7) from each other, a pressure adjusting cyl- 
inder unit (3) having a pair of hydraulic pressure 
chambers (16,17) connected with one of said fluid 
chambers (6,7) each, a biased piston unit (15) being 

55 provided for varying the volumina of said hydraulic 
pressure chambers simultaneously, and a throttle 
member (19) connecting said first fluid chambers 
(6) of said pair of shock absorbers (2) with each oth- 
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er, characterized in that said throttle member (1 9) 
and said pressure adjusting cylinder unit (3) are 
formed as an integral unit. 

2. Suspension system according to claim 1 , charac- 
terized in that said piston unit comprises a stepped 
piston (15) having a large diameter portion and a 
small diameter portion arranged substantially coax- 
ially with respect to each other, said piston (15) be- 
ing slidably received in a cylinder housing (14) hav- 
ing corresponding small and large diameter por- 
tions to define said first and second fluid chambers 
(16,17). 

3. Suspension system according to claim 1 or 2, char- 
acterized in that a high pressure gas chamber (1 8) 
filled with pressurized gas for biasing said piston 
unit into one direction is defined at the side of said 
piston unit (15) opposite to said fluid chambers 
(16,17). 

4. Suspension system according to claim 2 or 3, char- 
acterized in that a throttle member casing (20) is 
provided integrally with said cylinder housing (14) 
at the fluid chamber side thereof, said throttle mem- 
ber casing (20) accommodating a throttle body (21 ) 
partitioning the same into a first and second throttle 
chamber (A.B) each of which is connected with one 
of said first and second fluid chambers (16,17) of 
the cylinder unit (3) and one of said fluid chambers 
(6) of said shock absorbers (2). 

5. Suspension system according to claim 4, charac- 
terized in that the first and second throttle cham- 
bers (A,B) are communicated with the first and sec- 
ond hydraulic pressure chambers (16,17) via com- 
municating holes (35,36) formed in the cylinder 
housing (14) and extending in a direction parallel to 
the longitudinal axis thereof. 

6. Suspension system according to claim 4 or 5, char- 
acterized in that said throttle member casing (20) 
defines an interior extending substantially perpen- 
dicular to the longitudinal axis of the cylinder hous- 
ing (14) and having an opening at one side for 
mounting and inserting said throttle body (21) per- 
pendicular to the longitudinal axis of the cylinder 
housing (14). 

7. Suspension system according to at least one of 
claims 4 to 6, characterized in that said throttle 
body (21) is provided with a pair of fluid passages 
(21c,21d) for communicating the first and second 
throttle chambers (A,B) with each other, said fluid 
passages (21c,21d) being equipped with a check 
valve (46,47) each defining the throttle resistance 
of said fluid passages 



8. Suspension system according to one of claims 1 to 

7, characterized in that said hydraulic pressure 
chambers (16,17,33,34) are arranged on an identi- 
cal axis, and said piston unit (1 5) has a base portion 

5 (25) separating a high pressure gas chamber (18) 

formed on the pressure adjusting unit (3) from the 
pair of hydraulic pressure chambers (16,17,33,34), 
wherein said high pressure gas chamber (18) has 
an opening which is covered by a cover body (85). 

70 

9. Suspension system according to one of claims 1 to 

8, characterized in that the throttle means (21) is 
adjustable in response to vehicle driving conditions. 

15 10. Suspension system according to one of claims 4 to 

9, characterized in that said throttle body (19) 
comprises a bypass passage (49) for communicat- 
ing said first and second throttle chambers (A.B) in 
parallel with said pair of fluid passages (21c,21d), 

20 and a valve member (50) for controlling said bypass 
passage (49). 

11. Suspension system according to claim 10, charac- 
terized in that an actuating means (48) is provided 
25 for actuating said valve member (50), said actuating 
means being connected with an electronical control 
unit (61) for controlling the actuating means in re- 
sponse to driving conditions. 

30 12. Suspension system according to claim 10 or 11, 
characterized in that a plurality of bypass passag- 
es (49) are provided and disposed radially with re- 
spect to the valve member (50) and substantially 
opposite to each other so as to eliminate dynamic 
35 pressure on said valve member. 

13. Suspension system according to one of claims 4 to 

12, characterized in that the throttle body (21) is 
a pre-assembled unit inserted into the throttle mem- 

40 ber casing (20) through the opening thereof and at- 
tached thereto, thereby closing said opening. 

14. Suspension system according to one of claims 1 to 

1 3, characterized in that the throttle means com- 
45 prises a rotatable adjusting member (71 ) having a 

plurality of bypass passages (75) of different diam- 
eters. 

15. Suspension system according to one of claims 1 to 
50 1 4, characterized in that the piston (5) of the hy- 
draulic shock absorber (2) is provided with an ad- 
justing means (9b) for adjusting the throttle resist- 
ance of said piston. 

55 16. Suspension system according to one of claims 1 to 
15, characterized in that said throttle means in- 
cludes a throttle body (21) attached to the piston 
unit (15) and separating said pair of hydraulic pres- 
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sure chambers (16,17) from each other. 

17. Suspension system according to claim 16, charac- 
terized in that said throttle body (21) is provided 
with a pair of passages (21c,21d) communicating 
said pair of hydraulic pressure chambers (16,17) 
with one another and having check valves (46,47) 
disposed therein, and a fine tuning passage (21 e) 
for finely adjusting the throttle resistance of said 
throttle body. 

18. Suspension system according to one of claims 1 to 
17, characterized in that the pressure adjusting 
cylinder unit (3) is formed integral with one of the 
shock absorbers (2). 

19. Suspension system according to claim 18, charac- 
terized in that the cylinder housing of the pressure 
adjusting cylinder unit (3) is an integral portion of 
the housing (4) of the shock absorber (2). 

20. Suspension system according to one of claims 17 
to 19, characterized in that a throttle (105,107) is 
disposed in said fine tuning passage. 

25 

21. Suspension system according to claim 20, charac- 
terized in that said throttle is adjustable from out- 
side. 

30 
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(54) Suspension system 

(57) This invention relates to a suspension system 
for a vehicle having a plurality of wheels, comprising a 
pair of hydraulic shock absorbers (2) associated with re- 
spective wheels, each of said hydraulic shock absorbers 
having a throttled piston (5) partitioning a first and sec- 
ond fluid chamber (6,7) from each other, a pressure ad- 
justing cylinder unit (3) having a pair of hydraulic pres- 
sure chambers (16,17) connected with one of said fluid 
chambers each, a biased piston unit (1 5) being provided 
for varying the volumina of said hydraulic pressure 
chambers simultaneously, and throttle means (21 ) con- 
necting said first fluid chambers of said pair ol shock 
absorbers with each other. The suspension system has 
been improved in that said throttle means and said pres- 
sure adjusting cylinder unit are formed as an integral 
unit. Preferably, the throttle means is provided integral 
with the piston unit. 
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